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Inspired by the experimental report by WASA-at-COSY Collaboration, we investigate the pos-
sibile existence of the dibaryon candidate N∆ with quantum numbers IJP = 21+ (D21). The
dynamical calculation shows that we cannot obtain the bound D21 state in the models which can
obtain the experimental d∗. The low-energy scattering phase shifts of the N − ∆ scattering give
the same conclusion. Besides, the mass calculation by using the Gursey-Radicati mass formula and
the analysis of the matrix elements of the color magnetic interaction show that the mass of D21 is
larger than that of D12 (N∆ with IJ
P = 12+), which indicate that it is less possible for the D21
than the D12 to form bound state.
PACS numbers: 13.75.Cs, 12.39.Pn, 12.39.Jh
I. INTRODUCTION
Very recently, an isotensor dibaryonN∆with quantum
numbers IJP = 21+ (D21) with a mass M = 2140(10)
MeV and a width Γ = 110(10) MeV was reported by
WASA-at-COSY [1]. In their measurements of the quasi-
free pp → ppπ+π− reaction by means of pd collisions
at Tp = 1.2 GeV, total and differential cross sections
have been extracted covering the energy region Tp =
1.08−1.36 GeV, which is the region of N∗(1440) and ∆∆
resonance excitations. Calculations describing these ex-
citations by t-channel meson exchange are contradictory
with the measured differential cross sections and under-
predict substantially the experimental total cross section.
And the new dibaryonD21 can be used to overcome these
deficiencies. This state reported by experiment is in good
agreement with the prediction of Dyson and Xuong [2].
Both mass and width are just slightly smaller than the
results of Faddeev equation calculation by Gal and Gar-
cilazo [3]. This report invokes our interest to the dibaryon
resonance of the N∆ system.
The non-strange S−wave dibaryon states, labeled as
DIS with isospin I and spin S, were first proposed by
Dyson and Xuong [2] in 1964. According to Ref. [2], the
deuteron D01 and NN virtual state D10 were contained
within the 10 and 27 SU(3) multiplets. Besides, four
additional non-strange dibaryon candidates were predi-
cated by the symmetry-based analysis: ∆∆ (D03) and
∆∆ (D30) with mass of 2350 MeV; N∆ (D12) and N∆
(D21) with mass of 2160 MeV. Among these states, the
experimental evidence for D03 developed in the 1970s
by observing a resonance-like structure in proton po-
larization from deuteron photodisintegration [4]. After
that, a lot of theoretical work have been done support-
ing the existence of the ∆∆ (D03 or d
∗), including the
one-boson-exchange model calculations [5, 6] and quark-
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model-based calculations [7–12]. The positive searching
results for D03 resonance comes from the exclusive high-
statistics measurements of pn→ dπ0π0, π+π− two-pion
production reactions by WASA-at-COSY [13–16], and it
aroused a new wave of dibaryon studies [17–20]. For ∆∆
(D30) state, many former work showed that its mass was
higher than that of ∆∆ (D03), but it was still below the
threshold [9, 10, 21–24].
For the N∆ system, the early analyses of p−p and n−p
scattering data by Arndt et al provided the evidence for
the existence of D12 in the I = 1
1D2 and
3F3 nucleon-
nucleon channels [25]. Some quark models calculation
found that D12 was almost 200 MeV too high [7, 8], but
the subsequent chiral quark model calculations showed
the mass of it was about 2170 MeV, slightly below the
threshold of N∆ [23]. The recent Faddeev equation cal-
culation also supported the existence ofN∆ (D12) [3, 18].
Moreover, in Ref. [18], another N∆ state D21 was also
found slightly below threshold by solving πNN Faddeev
equations. However, this N∆(D21) was unbound in the
early chiral quark model calculation [23].
In our previous work of dibaryon system, we have
showed that the d∗ (D03) was a tightly bound six-quark
system rather than a loosely bound nucleus-like sys-
tem of two ∆ [11, 17, 26–28]. The ∆∆ (D30) was an-
other dibaryon candidate with smaller binding energy
and larger width [29]. The N∆ (D12) state could be
a resonance state in the NN D−wave scattering process
only in one quark model calculation, which gave a lower
mass of d∗, while in other quark model calculations it was
unbound [17]. Even though a resonance appeared only
in one quark model calculation, the mass was very close
to N∆ threshold. Moreover, the large ∆ decay width
when included would cause the state to straddle the N∆
threshold in Ref. [17]. We therefore considered a N∆
(D12) resonance near the N∆ threshold to be possible
in quark model calculations in Ref. [17]. The N∆ (D21)
state, which has a mirrored quantum numbers for spin
and isospin with D12, was unbound in our initial calcu-
lation [27]. This situation calls for a more quantitative
2study of N∆ (D21).
In the various methods of investigating the baryon-
baryon interaction, QCD-inspired quark models are still
the main approach, because the direct use of quan-
tum chromodynamics (QCD) in nucleon-nucleon inter-
action is still out of reach of the present techniques, al-
though the lattice QCD has made considerable progress
recently [30]. In our previous study of the dibaryon sys-
tem, two quark models with different intermediate-range
attraction mechanisms were used: one is the chiral quark
model (ChQM) [23], in which the σ meson is indispens-
able to provide the intermediate-range attraction; the
other is the quark delocalization color screening model
(QDCSM) [26], in which the intermediate-range attrac-
tion is achieved by the quark delocalization, and the color
screening is needed to make the quark delocalization fea-
sible and it might be an effective description of the hidden
color channel coupling [31]. Both QDCSM and ChQM
give a good description of the NN scattering phase shifts
and the properties of deuteron despite the different mech-
anisms used in models [32]. Besides, both models give
d∗ (D03) resonances reasonable well. Therefore, we use
these two models to study the existence of N∆ (D21) res-
onance in this work. The hidden color channels are added
to the ChQM to check their effect in the N∆ system.
The structure of this paper is as follows. A brief intro-
duction of two quark models is given in Sec. II. Section
III is devoted to the numerical results and discussions.
The last section is a summary.
II. TWO QUARK MODELS
In this work, we use two constituent quark models:
ChQM and QDCSM, which have been used in our pre-
vious work to study the dibaryon system [17]. The Sala-
manca version of ChQM is chosen as the representative of
the chiral quark models. It has been successfully applied
to hadron spectroscopy and NN interaction. The details
of two models can be found in Ref. [17, 23, 26, 27]. In
the following, only the Hamiltonians and parameters of
two models are given.
A. Chiral quark model
The ChQM Hamiltonian in the nonstrange dibaryon
system is
H =
6∑
i=1
(
mi +
p2i
2mi
)
− Tc +
∑
i<j
[
V G(rij) + V
π(rij) + V
σ(rij) + V
C(rij)
]
,
V G(rij) =
1
4
αsλi · λj
[
1
rij
− π
m2q
(
1 +
2
3
σi · σj
)
δ(rij)− 3
4m2qr
3
ij
Sij
]
+ V G,LSij ,
V G,LSij = −
αs
4
λi · λj 1
8m2q
3
r3ij
[rij × (pi − pj)] · (σi + σj),
V π(rij) =
1
3
αch
Λ2
Λ2 −m2π
mπ
{[
Y (mπrij)− Λ
3
m3π
Y (Λrij)
]
σi · σj
+
[
H(mπrij)− Λ
3
m3π
H(Λrij)
]
Sij
}
τi · τj , (1)
V σ(rij) = −αch 4m
2
u
m2π
Λ2
Λ2 −m2σ
mσ
[
Y (mσrij)− Λ
mσ
Y (Λrij)
]
+ V σ,LSij ,
V σ,LSij = −
αch
2m2π
Λ2
Λ2 −m2σ
m3σ
[
G(mσrij)− Λ
3
m3σ
G(Λrij)
]
[rij × (pi − pj)] · (σi + σj),
V C(rij) = −acλi · λj(r2ij + V0) + V C,LSij ,
V C,LSij = −acλi · λj
1
8m2q
1
rij
dV c
drij
[rij × (pi − pj)] · (σi + σj), V c = r2ij ,
Sij =
(σi · rij)(σj · rij)
r2ij
− 1
3
σi · σj .
Where Sij is quark tensor operator, Y (x), H(x) andG(x)
are standard Yukawa functions, Tc is the kinetic energy
of the center of mass. All other symbols have their usual
meanings.
3B. Quark delocalization color screening model
The QDCSM and its extension were discussed in de-
tail in Ref.[26, 27]. Its Hamiltonian has the same form as
Eq.(1) but without σ meson exchange. Besides, a phe-
nomenological color screening confinement potential is
used in QDCSM.
V C(rij) = −acλi · λj [f(rij) + V0] + V C,LSij ,
f(rij) =


r2ij if i, j occur in the same
baryon orbit,
1−e
−µr2ij
µ if i, j occur in different
baryon orbits.
(2)
Here, µ is the color screening constant to be determined
by fitting the deuteron mass in this model. The quark
delocalization in QDCSM is realized by replacing the left-
(right-) centered single Gaussian functions, the single-
particle orbital wave function in the usual quark cluster
model,
φα(~Si) =
(
1
πb2
)3/4
e−
1
2b2
(~rα−~Si/2)
2
(3)
φβ(−~Si) =
(
1
πb2
)3/4
e−
1
2b2
(~rβ+~Si/2)
2
. (4)
with delocalized ones,
ψα(~Si, ǫ) =
(
φα(~Si) + ǫφα(−~Si)
)
/N(ǫ),
ψβ(−~Si, ǫ) =
(
φβ(−~Si) + ǫφβ(~Si)
)
/N(ǫ), (5)
N(ǫ) =
√
1 + ǫ2 + 2ǫe−S
2
i /4b
2
.
The mixing parameter ǫ(~Si) is not an adjusted one but
determined variationally by the dynamics of the multi-
quark system itself. This assumption allows the multi-
quark system to choose its favorable configuration in a
larger Hilbert space. So the ansatze for the wave func-
tions (Eq. 5) is a generalization of the usual quark cluster
model ones which enlarges the variational space for the
variational calculation. It has been used to explain the
cross-over transition between hadron phase and quark-
gluon plasma phase [33].
Since both of these two models give good descriptions
of the deuteron, the nucleon-nucleon scattering phase
shifts, and the dibaryon resonance d∗ in our previous
work [17], the same models and parameters are used in
this work. All parameters are listed in Table I. Here, the
same values of parameters: b, αs, αch, mu, mπ, Λ are
used for these two models, which are labeled as ChQM
and QDCSM1 in Table I. Thus, these two models have
exactly the same contributions from one-gluon-exchange
and π exchange. The only difference of the two mod-
els comes from the short and intermediate-range part,
σ exchange for ChQM, quark delocalization and color
screening for QDCSM. By doing this, we can compare the
intermediate-range attraction mechanism of these two
models. Moreover, another set of parameters in QDCSM
(labeled as QDCSM2) is used to test the sensitivity of
the model parameters.
TABLE I: Parameters of quark models
ChQM QDCSM1 QDCSM2
mu,d(MeV) 313 313 313
b(fm) 0.518 0.518 0.60
ac(MeV fm
−2) 46.938 56.75 18.55
V0(fm
2) -1.297 -1.3598 -0.5279
µ(fm−2) – 0.45 1.0
αs 0.485 0.485 0.9955
mpi(MeV) 138 138 138
αch 0.027 0.027 0.027
mσ(MeV) 675 – –
Λ(fm−1) 4.2 4.2 4.2
III. THE RESULTS AND DISCUSSIONS
In this work, we study the possibility of the existence of
the dibaryon state N∆ (D21). For the first step, we can
estimate the mass of dibaryon states from the dynamical
symmetry calculation method. The mass spectrum of
baryons and dibaryons can be obtained by means of the
Gursey and Radicati mass formula [34]
M = M0 +A · CSUf (3) +B · J(J + 1) + C · Y +D · [I(I + 1)−
Y 2
4
]
where the term CSUf (3) is the Casimir operator of the
SUf(3) flavour group, and J , Y and I denote the to-
tal spin, hypercharge and isospin, respectively. M0 is
the average multiplet energy and the coefficients A, B,
C, and D are the strengths of the various splittings.
This formula has been used to calculate the masses of
baryons and pentaquarks [35, 36]. Here, we use this
formula to calculate the masses of the ground baryons
4and non-strange dibaryons. All the parameters M0, A,
B, C, and D are determined by fitting the experimen-
tal masses of the baryons and dibaryons. The param-
eter values obtained in this work are: M0 = 1026.2
MeV (for baryons), M0 = 2091.9 MeV (for dibaryons),
A = 9.4085 MeV, B = 46.883 MeV, C = −194.7
MeV, and D = 33.218 MeV. The masses of ground-state
baryons and non-strange dibaryons is listed in Table II
and III, from which we can see that all ground baryons
can be described well by using this mass formula. For the
non-strange dibaryons, we can obtain the experimental
mass of the deuteron (NN (D01)) and the d
∗ resonance
(∆∆ (D03)). Although the mass of ∆∆(D30) is higher
than that of ∆∆ (D03), it is still under the threshold of
two ∆s, which indicates that the D30 is a bound state
within this method. All these results are consistent with
our quark model calculations [29]. Besides, we find that
the mass of the N∆ (D12) is only 3 MeV lower than its
threshold, and the mass of N∆ (D21) is 14 MeV larger
than that of N∆ (D12). Therefore, we cannot obtain the
bound N∆ (D21) state within this method.
TABLE II: The mass of baryons (MeV).
N Λ Σ Ξ ∆ Σ∗ Ξ∗ Ω
Y 1 0 0 -1 1 0 -1 -2
S 0 1 1 2 0 1 2 3
I 1/2 0 1 1/2 3/2 1 1/2 0
J 1/2 1/2 1/2 1/2 3/2 3/2 3/2 3/2
[f ] [21] [21] [21] [21] [3] [3] [3] [3]
M 940 1118 1184 1329 1236 1381 1526 1671
Mexp. 939 1116 1193 1318 1232 1383 1533 1672
TABLE III: The mass of non-strange dibaryons (MeV).
D01 D10 D03 D30 D12 D21
Y 2 2 2 2 2 2
S 0 0 0 0 0 0
I 0 1 0 3 1 2
J 1 0 3 0 2 1
[f ] [33] [42] [33] [6] [42] [51]
M 1876 1883 2351 2394 2168 2182
Mexp. 1876 1878? 2380 ? 2148? 2140?
Then, we do a dynamical calculation to investigate
the existence of the dibaryon state N∆ (D21) within
the quark models introduced in Section II. The resonat-
ing group method (RGM), described in more detail in
Ref. [37], is used to calculate the mass of the dibaryon
states. The channels involved in the calculation are listed
in Table IV. Here the baryon symbol is used only to de-
note the isospin, the superscript denotes the spin, 2S+1,
and the subscript ”8” means color-octet, so 2∆8 means
the I, S = 3/2, 1/2 color-octet state. The hidden-color
channel means that the dibaryon composed of two color-
octet baryons. We do four kinds of calculation in this
work. The first one is the single-channel calculation of
the N∆ state, which is labeled as sc; the second one is
the the S−wave channel-coupling calculation, which is
labeled as cc1; the third one is the cc1 coupling with the
D−wave channels, labeled as cc2; the last one is cc2 cou-
pled with all hidden-color channels, which is labeled as
cc3. Note that the cc3 is carried out only in ChQM, be-
cause the quark delocalization and color screening used
in QDCSM were showed to be an effective description of
the hidden-color channel-coupling in our previous work
of dibaryons [17, 31], so we do not need to couple the
hidden-color channels again in QDCSM.
TABLE IV: The channels with IJP = 21+.
color-singlet color-octet
3S1 N∆ ∆∆
2∆8
4N8
4N8
4N8
2N8
4N8
3D1 N∆ ∆∆
2∆8
4N8
4N8
4N8
2N8
4N8
7D1 ∆∆
The mass for the N∆(D21) state is shown in Table V,
from which we can see that the mass of the pure N∆
(D21) state is above the N∆ threshold in all these quark
models (ChQM, QDCSM1, and QDCSM2). This means
that the pure D21 is unbound. In various kinds of cou-
pling, this state is still unbound, except in QDCSM2 by
coupling the S− and D−wave channels (cc2). The result
is similar to that of N∆ (D12) state in our previous cal-
culation [17]. In Ref. [17], the D12 was unbound except
in QDCSM with the third set of parameters [17], which
is labeled as QDCSM2 in the present work. In our previ-
ous work, although all these three models can give good
description to the deuteron and the nucleon-nucleon scat-
tering phase shifts [17], only ChQM and QDCSM1 fit the
data of d∗ (∆∆ D03) well, while the QDCSM2 give too
low mass of the d∗ resonance. Therefore, we cannot ob-
tain the bound D21 state in the models which can obtain
the experimental d∗, although theD21 state can bound in
QDCSM2. To investigate the possibility of the existence
of the D21 state, more work in depth is needed.
To understand the above results, the effective poten-
tials between N and ∆ with quantum numbers IJP =
TABLE V: The mass M (in MeV) for the N∆(D21) state.
The threshold of the N∆ is 2171 MeV.
ChQM QDCSM1 QDCSM2
sc 2179.8 2179.8 2176.5
cc1 2179.2 2178.0 2173.6
cc2 2177.2 2175.4 2170.1
cc3 2176.6 − −
521+ are shown in Fig. 1. The effective potential between
two colorless clusters is defined as V (s) = E(s)− E(∞),
where E(s) is the diagonal matrix element of the Hamil-
tonian of the system in the generating coordinate. The
results show that the potentials are all attractive in three
quark models, and the attraction in QDCSM2 is the
largest one, followed by that in QDCSM1, and the lowest
one is obtained from ChQM. However, the attraction in
neither of the quark models is strong enough to form the
bound state D21, that is why we cannot obtain the pure
bound D21 state in three quark model calculations.
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FIG. 1: The potentials of the N∆(D21) state within three
quark models.
To compare the result to other possible dibaryons,
we also calculate the effective potentials of dibaryons
NN(D01), NN(D10), N∆(D12), ∆∆(D03), and ∆∆
(D30), which are illustrated in Fig. 2. To save space,
we only show the results in QDCSM1 here, and the po-
tentials in other quark models are similar to that in QD-
CSM1. Although the potentials of all these states are
attractive, only the attractions of ∆∆ (D03) and ∆∆
(D30) are strong enough to form bound states [29] and
the NN (D01) state can be bound by coupling D−wave
channels [32]. Besides, the attractions of NN (D01), NN
(D10) and N∆(D21) are almost same with each other,
while that of the N∆ (D12) state is a little larger. It
seems that the possibility of forming a N∆ (D21) bound
state is smaller than forming a N∆ (D12) state. All
these potentials of dibaryons indicate that the attrac-
tion between two decuplet baryons is larger than that
between decuplet baryon and octet baryon, and the at-
traction between two octet baryons is the smallest one.
This regularity has been proposed in our previous work
of dibaryons [27].
Obviously, the states N∆ (D12) and N∆ (D21) have
mirrored quantum numbers of spin and isospin with each
other, so do the states NN (D01) and NN (D10), ∆∆
(D03) and ∆∆ (D30). However, in our previous study
of D03 and D30 states, we found the naive expectation
of the spin-isospin symmetry was broken by the effec-
tive one gluon exchange (OGE) between quarks, and the
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FIG. 2: The potentials of the dibaryons in QDCSM1.
mass of D30 state was larger than that of D03 state [29].
So it is interesting to study the spin-isospin symmetry of
the states N∆ (D12) and N∆ (D21) to see which one is
more possible to form a bound state. In fact, the mass
splitting part in OGE interaction is the color magnetic
interaction (CMI). It contributes the attraction to the
internal energy of an octet baryon, 〈CMI〉N = −8C (see
Eq.(6) below, where C is the orbital matrix element, the
subscripts A and S denote antisymmetric and symmet-
ric), because of the equal attractive and repulsive qq pairs
within octet baryon. On the contrary there are only re-
pulsive qq pairs within decuplet baryon, 〈CMI〉∆ = 8C
(see Eq.(7)), which causes the decuplet baryon about 300
MeV heavier than the octet baryon. When two nucleons
merge into an orbital totally symmetric color singlet six-
quark state, the color-spin part of the matrix elements
(M.E.) of CMI is 56/3C for deuteron NN (D01) (see
Eq.(14)), and 24C for NN (D10) (see Eq.(15)), which
leads to the NN(D10) state massive than NN (D01)
state. At the same time, when two ∆s merge into an
orbital totally symmetric color singlet six-quark state,
the M.E. of CMI is 0C for the d∗ resonance ∆∆ (D03)
(see Eq.(16)), and 32C for ∆∆ (D30) (see Eq.(17)), and
this causes to the ∆∆ (D30) state heavier than ∆∆ (D03)
state. Similarly, when a nucleon and a ∆ merge into an
orbital totally symmetric color singlet six-quark state,
the M.E. of CMI is 16C for the N∆ (D12) (see Eq.(18)),
and 80/3C for N∆ (D21) (see Eq.(19)), and this also in-
dicates that the mass of N∆(D21) state is larger than
that of N∆ (D12) state. All these laws are in complete
agreement with the results in Table III, which are ob-
tained from the Gursey-Radicati mass formula.
6〈CMI〉N = −3C〈λ2 · λ3〉A[〈σ2 · σ3〉A + 〈σ2 · σ3〉S ]/2 = −8C (6)
〈CMI〉∆ = −3C〈λ2 · λ3〉A〈σ2 · σ3〉S = 8C (7)
〈CMI〉D01 = −C[5〈λ5 · λ6〉A〈σ5 · σ6〉A + 13〈λ5 · λ6〉A〈σ5 · σ6〉S + 5〈λ5 · λ6〉S〈σ5 · σ6〉A + 7〈λ5 · λ6〉S〈σ5 · σ6〉S ]/2
=
8
3
C (8)
〈CMI〉D10 = −C[5〈λ5 · λ6〉A〈σ5 · σ6〉A + 13〈λ5 · λ6〉A〈σ5 · σ6〉S + 7〈λ5 · λ6〉S〈σ5 · σ6〉A + 5〈λ5 · λ6〉S〈σ5 · σ6〉S ]/2
= 8C (9)
〈CMI〉D03 = −C[9〈λ5 · λ6〉A〈σ5 · σ6〉S + 6〈λ5 · λ6〉S〈σ5 · σ6〉S ] = 16C (10)
〈CMI〉D30 = −C[9〈λ5 · λ6〉A〈σ5 · σ6〉S + 6〈λ5 · λ6〉S〈σ5 · σ6〉A] = 48C (11)
〈CMI〉D12 = −C[〈λ5 · λ6〉A〈σ5 · σ6〉A + 8〈λ5 · λ6〉A〈σ5 · σ6〉S + 2〈λ5 · λ6〉S〈σ5 · σ6〉A + 4〈λ5 · λ6〉S〈σ5 · σ6〉S ]
= 16C (12)
〈CMI〉D21 = −C[〈λ5 · λ6〉A〈σ5 · σ6〉A + 8〈λ5 · λ6〉A〈σ5 · σ6〉S + 4〈λ5 · λ6〉S〈σ5 · σ6〉A + 2〈λ5 · λ6〉S〈σ5 · σ6〉S ]
=
80
3
C (13)
〈CMI〉D01 − 2〈CMI〉N =
56
3
C (14)
〈CMI〉D10 − 2〈CMI〉N = 24C (15)
〈CMI〉D03 − 2〈CMI〉∆ = 0 (16)
〈CMI〉D03 − 2〈CMI〉∆ = 32C (17)
〈CMI〉D12 − (〈CMI〉N + 〈CMI〉∆) = 16C (18)
〈CMI〉D21 − (〈CMI〉N + 〈CMI〉∆) =
80
3
C (19)
(20)
Finally, to further check the existence of the bound
state N∆ (D21), we can also study the low-energy N−∆
scattering phase shifts. Here we use the well-developed
Kohn-Hulthen-Kato (KHK) variational method to calcu-
late the scattering phase shifts. The details can be found
in Ref. [37]. The phase shifts are illustrated in Fig. 3. It
is obvious that in QDCSM2, the scattering phase shifts
go to 180◦ at the incident energy Ec.m. ∼ 0 and rapidly
decreases as Ec.m. increases, which implies the existence
of a bound state. The results are consistent with that
of the bound state calculation shown above. Meanwhile,
the slop of the low-energy phase shifts (near Ec.m. ∼ 0)
in both ChQM and QDCSM1 is opposite to that in QD-
CSM2, which means that the N∆ (D21) is unbound in
both ChQM and QDCSM1, and this results is also con-
sistent with that of the bound state calculation above.
Then we extract the scattering length a0 and the effec-
tive range r0 from the low-energy scattering phase shifts
by using the formula
kcotδ = − 1
a0
+
1
2
r0k
2 +O(k4) (21)
where k is the momentum of relative motion with k =√
2µEc.m., and µ is the reduced mass of N and ∆. The
results are listed in Table VI. From Table VI, we can
see that in both ChQM and QDCSM1, the scattering
lengths a0 are negative, while in QDCSM2 the scattering
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FIG. 3: The phase shifts the N∆(D21) state within three
quark models.
length is positive, which implies the unbound N∆ (D21)
in both ChQM and QDCSM1 and bound N∆ (D21) in
QDCSM2.
7TABLE VI: The scattering length a0 and the effective range
r0 of the N∆(D21) state.
ChQM QDCSM1 QDCSM2
a0 (fm) −1.9939 −2.5159 6.0756
r0 (fm) 2.2974 1.7352 1.5625
IV. SUMMARY
In the present work, we investigate the possible exis-
tence of the dibaryon state N∆ (D21). The dynamical
calculation shows that although the potentials are all at-
tractive in three quark models, and the attraction is not
strong enough to form the bound state N∆ (D21) in the
single channel calculation. By various kinds of coupling,
this state is still unbound, except in QDCSM2 by cou-
pling the S− and D−wave channels. But the QDCSM2
gives too large binding energy for the d∗ (D03) resonance.
Therefore, we cannot obtain the bound N∆ (D21) state
in the models which can obtain the experimental d∗. We
also study the low-energy scattering phase shifts of the
N∆ (D21) state and the same conclusion is obtained.
Both the mass calculation by using the Gursey-
Radicati mass formula and the analysis of the color-spin
part of the matrix elements of the color magnetic interac-
tion show that the mass of NN (D10) is larger than that
of NN (D01), the mass of N∆ (D21) larger than that of
N∆ (D12), and the mass of ∆∆ (D30) larger than that of
∆∆ (D03). All these results indicate that it is less possi-
ble for the N∆ (D21) than the N∆(D12) to form bound
state. Besides, the naive expectation of the spin-isospin
symmetry is broken by the effective one gluon exchange
between quarks. The non-strange dibaryon states search-
ing will be another check of this gluon exchange mecha-
nism and the Goldstone boson exchange model.
In our previous study of NN and ∆∆ systems, both
ChQM and QDCSM1 can obtain similar results. Here, in
the work of N∆ system, the similar results are obtained
again. This show once more that the σ-meson exchange
used in the chiral quark model can be replaced by quark
delocalization and color screening mechanism.
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